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PRINT-QUALITY CONTROL METHOD AND 
SYSTEM 

TECHNICAL FIELD 

The present invention relates generally to ink-jet printers 
and, more particularly, to a method of detecting poor print 
quality automatically and taking corrective actions to com 
pensate for such poor print quality. This method is imple 
mented via a print-quality control system Which employs 
optical feedback to read a recently printed image, compares 
such printed image to a virtual image, and takes corrective 
action to improve the print quality of subsequently printed 
images. 

BACKGROUND ART 

Ink-jet printing mechanisms print images on a print 
medium by ?ring drops of ink from one or more pens While 
the pen moves back and forth across the print medium. An 
ink-jet printer is a device using such ink-jet printing mecha 
nisms. Examples of ink-jet printers include plotters, fac 
simile machines, and typical computer-attached printers. 
The print medium on Which a printer prints may be any sheet 
material such as paper, MYLARTM, foils, transparencies, 
card stock, etc. 

Ink-jet printers print dots by ejecting very small drops of 
ink onto the print medium. The printers typically include a 
movable carriage that supports one or more pens, each 
having a printhead With plural ink-ejecting noZZles. The 
carriage traverses the surface of the print medium, and the 
noZZles are directed to eject drops of ink at appropriate times 
pursuant to commands of a microcomputer or other control 
ler. The timing of the application of the ink drops is intended 
to correspond to the pattern of pixels of the image being 
printed. 

Color ink-jet printers commonly employ a plurality of 
printheads Which may be mounted on the carriage to pro 
duce different colors. Each printhead is connected to one or 
more reservoirs Which contain ink for delivery to the print 
head’s noZZles. Typically, the reservoirs contain base colors 
such as cyan, magenta, yelloW, and black. Depositing a drop 
of a base color ink produces a base-colored dot, While 
depositing multiple drops of different base color inks forms 
secondary or shaded colors. In other Words. the base colors 
can be combined to form secondary or shaded colors. 

Print quality is one of the most important considerations 
in the use of an ink-jet printer. Although the quality of an 
image generally is subjective, speci?c aspects of a printed 
image can be objectively identi?ed as being indicative of 
poor print quality. For example, misaligned dots, missing 
dots, misshapen dots, small dots, large dots, and incorrectly 
colored dots all are objectively identi?able print errors. 
Those Who are skilled in the art Will understand and appre 
ciate that a printed image is of poor print quality if the image 
exhibits one or more of the above-identi?ed print errors. 
These errors typically arise from variations or tolerances in 
the various printing mechanisms or in the printer itself. In 
addition, various characteristics of the print media may 
affect print quality. Moreover, environmental conditions, 
such as temperature and humidity, may affect print quality. 

Existing automatic techniques and systems for controlling 
print quality generally are based upon an estimate of hoW a 
speci?c action may affect print quality. These estimates lack 
veri?cation of Whether corrective action is actually neces 
sary. Also, there is no reliable indication of the extent to 
Which action should be taken to improve print quality. 
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2 
Further, knoWn techniques for controlling print quality do 
not consider hoW a printed image actually looks, a factor 
Which should be considered When addressing print quality. 

DISCLOSURE OF THE INVENTION 

The present invention overcomes the draWbacks and 
problems of existing print-quality control techniques and 
systems using an optical system preferably attached to a 
printhead of an ink-j et printer. The actual printed image thus 
may be vieWed and analyZed and, if it is determined that one 
or more dots represent poor print quality corrective action 
may be taken to compensate for the problem so that 
subsequently-printed dots do not exhibit such poor print 
quality characteristics. 

In one embodiment of the invention, a print-quality con 
trol method is employed for use in connection With a printer 
having a printhead con?gured to print based on image data. 
The method includes de?ning a virtual image derived from 
the image data, printing an actual image based on the image 
data, comparing the actual image to the virtual image to 
identify a printhead error pattern, and modifying subsequent 
image data to compensate for the identi?ed printhead error 
pattern. 

The invented method may be used in connection With an 
ink-jet printer Which includes a printhead having plural 
noZZles. The printhead typically receives image signals 
directing it to print an image, such image being deposited on 
a print medium by ?ring the printhead’s noZZles according 
to the received image signals. The printed image thus Will 
include individual dots printed by the noZZles and may 
include dots representative of poor print quality due to 
less-than-optimal operation of the printing mechanisms and/ 
or due to the print medium on Which printing occurs. 

After printing the image, dots are read by an optical 
device Which preferably is attached to the carriage of the 
printhead. The optical device produces optical data based on 
the dots of the printed image and a controller determines 
Whether the printed image includes a poor-print-quality 
(PPQ) set of dots. If the image does include a PPQ set, then 
the controller identi?es the noZZles Which actually printed 
the PPQ set of dots. Corrective action then may be taken to 
ameliorate or eliminate the poor-print-quality characteristics 
of subsequently-printed dots by compensating for the poor 
print quality of the dots printed by the identi?ed noZZles. 
An objective of the present invention is to provide an 

automatic print-quality control method and system for use in 
an ink-jet printer Where poor print quality Will be corrected 
Without the need for user intervention or noti?cation. 
Another objective is to correct for various types of poor print 
quality by vieWing actually printed dots With an optical 
device and correcting for observable objective print quality 
problems. 

These and other objects and advantages of the present 
invention Will be more readily understood after a consider 
ation of the draWings and the detailed description of the 
preferred embodiment Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary isometric vieW of an ink-jet 
printing system and an optical device constructed according 
to a preferred embodiment of the present invention. 

FIG. 2 is a cross-sectional vieW of the optical device taken 
along line 2—2 of FIG. 1. 

FIG. 3 is a schematic diagram of a print-quality control 
system constructed according to a preferred embodiment of 
the present invention. 
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FIG. 4A is a schematic representation of a printhead 
having ?ve nozzles and an actual image consisting of ?ve 
dots, Which are illustrated as square blocks. 

FIGS. 4B—4D are schematic representations of actual 
images that include dots exhibiting poor print-quality char 
acteristics. 

FIG. 5 is a schematic representation of tWo dots printed a 
distance A apart on a print medium. 

FIGS. 6A and 6B shoW a ?oWchart of a print-quality 
control method performed according to a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS AND BEST 

MODE FOR CARRYING OUT THE INVENTION 

Referring initially to FIG. 1, the printing mechanism of a 
someWhat typical inkjet printer is shoWn at 10, such printer 
employing a printing system constructed in accordance With 
the present invention. As indicated, the printing system 
employs various printing mechanisms, including a carriage 
12, an ink reservoir 14, a rod 16, and a printhead 18. Those 
skilled Will appreciate that the printing system may be used 
either With a monochrome or multi-color printer, and thus 
may be used With either a single printhead or plural print 
heads. For simplicity, the system is described herein as 
employing only a single printhead. 
As is conventional, carriage 12 reciprocates back and 

forth on rod 16 across print medium 22. Ink reservoir 14 
typically is mounted for reciprocation With carriage 12, but 
may be stationary and connected to the printhead via ink 
conducting tubes. The printhead includes a plurality of 
active (operating) nozzles, Which are con?gured to deposit 
ink on the print medium as the printhead passes thereacross. 
The printhead also typically includes interspersed redundant 
nozzles to replace the function of failed active nozzles. 
These redundant nozzles remain dormant until activated to 
replace a failed active nozzle. 

In FIG. 1, printhead 18 is shoWn printing an image onto 
a portion of print medium 22. Such image (referred to herein 
as an actual image) includes a plurality of dots Which are 
deposited on the print medium by printhead 16. Print 
medium 22 typically is paper and may be referred to herein 
as “the paper” or “a page.” The dots are deposited in a print 
zone 24 Which is de?ned in the area directly beloW the 
printhead during the carriage’s reciprocating motion. 

Although the printing system does print images, it does 
not do so Without instructions. The printing system thus is 
provided With image data in the form of signals Which direct 
the printhead to ?re selected nozzles, and thereby to deposit 
ink dots in predetermined fashion. These signals also may 
provide instructions to various subsystems of the printing 
system (e.g., printhead servicing). Therefore, each action 
taken by the printing system ultimately is associated With 
image data including one or more signals. 

The printing system also includes media feed motors (not 
shoWn) Which feed a page through print zone 24 so that an 
image may be printed thereon, and a service station (not 
shoWn) Which is con?gured to service (e.g., clean) the 
printhead. A printhead periodically Will park at the service 
station so that viscous plugs of ink may be cleared from the 
nozzles. Such servicing typically is directed at predeter 
mined intervals, but may be directed upon identifying an 
error Which may be corrected by servicing the printhead. 

Referring still to FIG. 1, it Will be noted that the depicted 
printing system includes an optical device 30 Which is 
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4 
attached to carriage 12 and positioned over print zone 24 to 
vieW images printed on the print medium. A cross-section of 
the optical device is shoWn in FIG. 2, providing the reader 
With an understanding of the manner in Which actual images 
typically are vieWed. 
As indicated in FIG. 2, the optical device includes an 

emitter 32 for emitting optical electromagnetic Waves 
through a lens 42 onto print medium 22 for detection by a 
detector 34 (positioned behind a lens 44). The emitter and 
detector preferably use the visual optical spectrum and are of 
a type knoWn to those skilled in the art. ArroW 36 shoWs the 
path of a light ray emitted by emitter 32. Lens 42 adjusts to 
focus the light ray onto print medium 22. The ray is re?ected 
off the print medium through lens 44, Which is adjusted to 
focus the light ray onto detector 34. The optical device is 
con?gured to vieW dots (such as dot 38) on the print medium 
by scanning them as the carriage moves across the print 
zone. The optical device may include one or more emitter/ 
detector pairs, each calibrated to detect a speci?c color of 
ink. The angle betWeen the emitter and the detector shoWn 
in FIG. 2 is approximately 90°. HoWever, it is preferable to 
have a lesser or greater angle betWeen them to reduce the 
effect of glare. 

In accordance With the present invention, optical device 
30 has the ability to measure the dimensions, location and 
color of individual dots on the print medium, and is con 
?gured to measure hoW much cockling occurs. This infor 
mation is used to identify dots of poor print quality, and to 
identify other error patterns Which are correctable by adap 
tation of printer ?rmWare. Focusing ?rst on the dif?culties 
encountered due to cockling, it is noted that the cockled 
portion of the print medium is shoWn by dotted line 26 in 
FIG. 2. It also is noted that ink used in Wet ink-type printing 
includes a relatively large amount of Water. As the Wet ink 
contacts a print medium, the Water in the ink saturates the 
?bers of the print medium, causing the ?bers to expand. 
This, in turn, causes the print medium to buckle. Buckling, 
also called cockling, causes the print medium either to bend 
doWnWardly uncontrollably aWay from the printhead, or to 
bend upWardly toWard the printhead uncontrollably. Short of 
the medium reaching its saturation level, the bending or 
curving of the medium increases as the print density 
increases. Because a platen is positioned directly beloW the 
print medium under the print zone, a portion of the print 
medium buckles or curves upWardly instead of doWnWardly 
aWay from the printhead. This upWard buckling increases 
the possibility of the print material contacting the printhead, 
thereby smearing the freshly printed ink on the print mate 
rial. 

To achieve good print quality, pen-to-print medium spac 
ing of less than 1.5 millimeters (mm), and preferably less 
than 1.0 mm, typically is required. HoWever, bending ampli 
tudes of the print medium in certain pen/ink combinations 
can be greater than 3 mm. To reduce this problem of paper 
buckling, printers have employed high-poWered beaters to 
dry moisture. HoWever, incorporating a heater into a printer 
adds to the complexity and to the cost of the printer 
mechanism. Heaters also create ?re safety and burn safety 
problems. Additionally, incorporation of a heater in a printer 
increases the throughput because less time is required to dry 
moisture from the print material. Incorporation of heaters 
also causes print image distortion problems because the print 
medium unevenly shrinks during drying. 

Optical device 30 can measure hoW much cockling has 
occurred by measuring the extent to Which it is necessary to 
refocus lens 42 and/or lens 44 to vieW a cockled portion 26 
of print medium 22. Based on these measurements, the 
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printer can use less ink to avoid cockling and may be able 
dynamically to adjust the elevation of the printhead above 
print medium 22 so that it is as close as possible Without 
actually touching the print medium. 

FIG. 3 is a schematic block diagram showing, at 110, a 
preferred embodiment of the invented print-quality control 
system. The system includes a controller 112 Which is 
operatively connected to an external main computer 102 via 
a conventional input/output (I/O) connection 120. In the 
preferred embodiment controller 112 is a microprocessor 
connected to a read-Write memory (RAM) 124 and a read 
only memory (ROM) 122. In addition, other types of elec 
tronic or mechanical memories may be connected to the 
controller. For example, a pen may have ROM, dip 
sWitches, hardWired circuitry, or other memory mechanisms 
for identifying characteristics of that pen. The pen provides 
its stored characteristics to the controller once it is connected 
to the printer. The microprocessor is connected to the main 
computer, Which provides information on What to print. 
Alternatively, the printer may have a much less sophisticated 
microprocessor Which merely acts as a communications 
conduit from main computer 102 to the printing system. 
Under this alternative embodiment, main computer 102 acts 
as the controller. 

The printing system includes all printing mechanisms 
involved in the printing of images. Speci?cally, the printing 
system includes a motor system 126, a printhead driver 
system 130, one or more ink reservoirs 132, and one or more 
pens such as pen 114. The motor system includes a feed 
motor Which advances paper through the print Zone, and a 
reciprocating carriage motor Which moves the carriage back 
and forth on the rod. Printhead driver system 30 controls the 
actual ?ring of the noZZles of pen 114. Pen 114 includes a 
printhead With noZZles 114a connected to an ink reservoir 
containing black ink (i.e., black noZZles), a printhead With 
cyan noZZles 114b, a printhead With magenta noZZles 114c, 
and a printhead With yelloW noZZles 114d. An optical system 
128 is attached to the controller, the optical system including 
optical device 30, as depicted in FIGS. 1 and 2. 

Print quality is one of the most important considerations 
in the design and development of an ink-jet printer. Deter 
mining the quality of a printed image typically is subjective. 
HoWever, speci?c aspects of a printed image can be objec 
tively identi?ed as suggesting poor print quality. The fol 
loWing are examples of problems Which may be objectively 
identi?ed: misaligned dots, misshapen dots, missing dots, 
small dots large dots, and incorrectly colored dots. The 
causes of these problems lie in the printing characteristics of 
various printing mechanisms or of the print media. Poor 
print quality also may be caused by problems arising in the 
production, manufacture or assembly of the various parts of 
the printer mechanisms. The folloWing are examples of the 
causes of printer-mechanism-produced problems: pen-to 
pen alignment, orientation of a pen, inconsistent carriage 
velocity, scan axis directionality (SAD), noZZle aim, and 
noZZle drop ejection speed and accuracy. Any of these 
problems may produce misaligned dots. 

In a printer having multiple replaceable pens, the noZZles 
of each pen may be misaligned compared With the noZZles 
of the other pens. Furthermore, the misalignment of a pen 
may be caused by any spatial orientation alloWed by the 
pen-attachment tolerances of a printhead. If a pen is tWisted 
or rotated relative to the other pens, it is understood to have 
a different orientation than the other pens. Another mecha 
nism that may introduce characteristics of poor print quality 
is the carriage motor that moves the carriage back and forth 
over the print medium. Any sudden acceleration or decel 
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6 
eration of the carriage may cause the dots being printed at 
that moment to be misaligned. In other Words, the drops of 
ink ?red from the noZZles of the printhead have an incon 
sistent velocity. This inconsistent velocity of the drops is due 
to inconsistent carriage velocity. In addition, in an ideal 
World each noZZle of each printhead Would be perfectly 
vertical and ?re With a uniform drop ejection speed. In other 
Words, the scan axis directionality (SAD) of all of the 
noZZles Would be uniform. HoWever, in reality, the aim and 
accuracy of the noZZles are not uniform. The speed at Which 
they ?re drops also is not uniform. These non-uniform 
mechanisms and operations produce misaligned dots. 

To correct the misalignment so that subsequent dots Will 
be aligned, the image signals Which produced the misaligned 
dots should be modi?ed so that the identi?ed noZZles ?re an 
instant earlier or later relative to the timing of When the 
misaligned dot Was printed. The invented system thus 
employs a mechanism for identifying the noZZle or noZZles 
Which print misaligned dots. Once the noZZle Which printed 
the misaligned dot is identi?ed, image signals or data 
associated With that noZZle may be modi?ed so that any 
subsequent dot printed by that noZZle is properly aligned. 
A poor print quality set of dots of an actual image also 

may be characteriZed by missing (or non-visible) dots. A 
non-visible dot is any dot that should have been printed, but 
Was not. A noZZle might fail to print a dot because it is 
clogged or perhaps because it has become permanently 
nonoperative. Viscous ink plugs partially or totally obstruct 
ing a noZZle of a printhead also can dramatically affect the 
print quality by hindering or preventing the proper ejection 
of ink drops. To overcome this problem, ink-j et printers have 
been equipped With a spittoon (or service station) outside the 
print Zone. Typically, an ink-jet printer ejects ink drops into 
the spittoon to clear viscous plugs from the noZZle. 

If non-visible dots are detected, the printing system may 
be directed to service the printhead to clear any clogs. If, 
after servicing the printhead, it is determined that the same 
identi?ed noZZles are failing to print dots, then either an 
out-of-ink condition exists or the identi?ed noZZles have 
permanently failed. If it is determined that a group of 
noZZles connected to a single-colored ink reservoir have 
failed simultaneously, an out-of-ink condition is indicated so 
that the user can re?ll or replace the ink reservoir for that 
color. OtherWise, the identi?ed noZZles that are failing to 
print dots are deactivated and previously dormant noZZles 
are activated to replace the deactivated noZZles. Rather than 
activating dormant noZZles to replace the deactivated 
noZZles, other active noZZles may be used to replace the 
deactivated noZZles. Thus, some active noZZles Will be 
performing the Work of tWo noZZles. Those Who are skilled 
in the art Will appreciate that this technique may be incor 
porated into existing shingling printing methods. 

Yet another potential problem relates to the siZe of actual 
dots, Which may be either too small or too large. The dots 
may be too small because loW-volume ink drops Were used 
to print them or the print medium does not absorb the ink 
Well. The actual dots may be too large because high-volume 
ink drops Were used to print them, or because the print 
medium absorbs the ink very Well. Stored in the memory 
(RAM or ROM) of the printer (or perhaps in the memory of 
the computer) are a prede?ned minimum acceptable dot 
diameter and a prede?ned maximum acceptable dot diam 
eter. These diameters may be set values (or ranges of 
values), or may be characteristic of corresponding virtual 
dots as derived from image data. 

In a typical 600 dots per inch (DPI) ink-jet printer, the 
minimum acceptable dot diameter Would be approximately 



US 6,623,095 B1 
7 

0.8 to 1.3 mils. Correspondingly, the maximum acceptable 
dot diameter Would be approximately 1.9 to 2.4 mils. 

If the diameter of a printed dot is less than the minimum 
acceptable dot diameter, then it is considered to be too small. 
Thus, corrective action should be taken to ensure that neW 
dots printed by the associated noZZles Will be approximately 
equal to or greater than the minimum acceptable dot diam 
eter. Such corrective action may involve printing multiple 
dots at or near the same location, or increasing the ink-drop 
volume. Either action may be accomplished by modifying 
the image data in accordance With the identi?ed solution. 

If the diameter of a printed dot is greater than the 
maximum acceptable dot diameter, then it is considered to 
be too large. Thus, corrective action should be taken to 
ensure that neW dots printed by the associated noZZles Will 
be approximately equal to or less than the maximum accept 
able dot diameter. This corrective action Will involve 
decreasing the ink-drop volume, as by modifying the image 
data. 

Measuring the diameter of a printed dot enables a precise 
energy calibration for each noZZle. In other Words, an 
embodiment using the invention can determine the precise 
amount of energy necessary to ?re a drop from each noZZle 
so that all dots have a uniform dot diameter Without using 
excess energy Which can produce early printhead failure or 
excessive heat buildup. 

Adjusting the dot siZe of the dots surrounding a missing 
dot, small dot, or large dot is another form of corrective 
action can be taken to improve the print quality. If a dot is 
missing or small, the printhead may be directed to print the 
surrounding or adjacent dots larger. If the dot is large, the 
printhead may be directed to print the surrounding or 
adjacent dots smaller. 

Individual and separate dots of an image may be printed 
in any blank space on a page so that the dot does not have 
a coextensive adjacent neighbor. Printing dots in this manner 
alloWs for easy measurement of a dot’s characteristics (such 
as location and siZe). Furthermore, it alloWs for transparent 
“hidden dot” testing. Rather than printing a test pattern to 
determine and correct the printing of the printer, “hidden 
dots” may be interspersed about in the blank space on a 
page. These dots are inconspicuously printed on a page and 
then tested. Automatic correction then may take place With 
out the user being aWare of it. 

FIG. 4A includes a schematic block representation of a 
printhead 202 With ?ve noZZles 202a—202e. Also, shoWn in 
FIG. 4A, is an error-free actual image 212 Which is identical 
to a virtual image 210. The actual image includes ?ve dots 
212a—212e Which are illustrated as hatched square blocks. 
Each dot is associated With a noZZle on printhead 202. For 
example, actual dot 212a Was printed by noZZle 202a actual 
dot 212b Was printed by noZZle 202b, etc. In addition, each 
actual dot has a corresponding virtual dot Which, in FIG. 4A, 
coincides With the location of the actual dot. The virtual dots 
represent the desired locations of the actual dots, and typi 
cally are stored as a virtual image in memory. 

FIG. 4B illustrates an example of an actual image 222 
Which includes a set of actual dots Which exhibit poor 
print-quality characteristics. Speci?cally, the poor-print 
quality set of dots includes a misaligned dot 222c and a 
missing dot Which is not shoWn. FIG. 4B thus shoWs an 
actual image 222 With corresponding good-print-quality 
actual dots 222a, 222b and 2226 Which printed correctly. A 
virtual image 220 indicates the desired locations of the 
actual dots. The boundaries of virtual dots 220C and 220d are 
the desired boundaries for actual dot 222c and the missing 
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dot, respectively. Actual dot 222C, hoWever, is printed out 
side the boundary of its corresponding virtual dot (it is 
misaligned relative to dots 222a, 222b and 2226, and relative 
to its corresponding virtual dot). There is no actual dot 
corresponding to virtual dot 220d. In FIG. 4B, misaligned 
actual dot 222c and the missing actual dot form a poor 
print-quality set of dots of actual image 222. 

FIG. 4C illustrates another example of an actual image 
232 Which includes dots of poor print quality. Speci?cally, 
actual image 232 includes a poor print quality set of dots 
made up of all of its actual dots 232a, 232C, and 232d. 
Although all of the printed visible dots of FIG. 4C are 
uniform in siZe, each is less then the desired dot diameter, as 
illustrated by the boundaries of corresponding virtual dots 
230a—230e. Additionally, dot 232d is not printed Within the 
boundary of the corresponding virtual image 230 and thus is 
misaligned relative to dots 232a, and 232c and relative to its 
corresponding virtual dot 230d. TWo of the actual dots are 
not shoWn at all because their associated noZZles failed to 
print them. Thus, corrective action should be taken to ensure 
that the noZZles associated With dots 232a, 232b and 232c 
apply more ink When printing subsequent actual dots. Cor 
rective action also should be taken to ensure that the noZZle 
associated With dot 232d prints it at the appropriate location 
on the medium. Finally, action should be taken (e.g., print 
head servicing) to ensure that the noZZles associated With the 
missing dots ?re. 

FIG. 4D illustrates still another example of an actual 
image 242 Which includes a poor-print-quality set. Avirtual 
image 240 With corresponding virtual dots 240a—240e also 
is shoWn. It Will be noted that several of the dots are not 
shoWn because their associated noZZles failed to ?re. 
Additionally, dots 242a and 242b are too large, exceeding 
the boundaries of their corresponding virtual dots 240a and 
240b. Although the dots are uniform in siZe, each is greater 
than the desired dot diameters. FIG. 4D also illustrates 
another misalignment problem. Assume that noZZles 202a 
and 202b print different colored dots for Which the combi 
nation of the tWo colored dots at one coextensive location on 
the print medium produces a blended color. Further assume 
that both actual dots 242a and 242b Were intended to be 
printed Within the boundary of virtual dot 240a to form the 
blended color. Based upon this blended color dot scenario, 
actual dot 242b is misaligned. Corrective action can be taken 
so that dot 242b is printed at the same location as dot 242a 
(e.g., the location of corresponding virtual dot 240a). Even 
When the colored dots are aligned, the resulting blended 
color may not match the desired color. Accordingly, correc 
tive action may be taken to adjust ink used to print each dot 
so that the resulting blended color matches the desired color. 

In existing printers, a page is advanced though the print 
Zone by a stepper motor. The distance that a page is 
advanced is based upon a de?ned, stored step distance of 
each step of the stepper motor. HoWever, variations in the 
media, environmental conditions and mechanical tolerances 
cause slight differences betWeen the de?ned, stored step 
distance of each step and the actual, measured distance of 
each step. FIG. 5 illustrates a fragmentary page 322 With tWo 
dots 310 and 315 printed thereon at a distance A apart from 
each other. It is possible to calculate the actual step distance 
that a page is advanced each step of the motor. To do this, 
the folloWing may be done: Dot 310 is printed on page 322 
and the stepper motor (not shoWn) advances the page one or 
more steps. The printer prints dot 315. Each dot is vieWed by 
the optical device and their distance apart from each other is 
calculated by the controller. If the de?ned step distance of 
each step deviates from the measured distance of each step, 
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then the de?ned step distance is replaced With measured step 
distance. In other Words, image signals may be modi?ed to 
compensate for the difference betWeen the de?ned step 
distance and the measured step distance. 

FIGS. 6A and 6B illustrate a preferred embodiment of the 
invented method via a ?oWchart. A process of controlling 
print quality according to the invention uses an ink-jet 
printer. That printer has a printing system that includes a 
printhead having plural noZZles and the system receives 
image signals directing the system to print an image. 

The process begins at 602 of FIG. 6A. At 604, image 
signals (i.e., print image data) are generated. It may be 
generated by a controller, Which may be a microprocessor in 
the printer or it may be an external host computer. Based 
upon these generated signals, a virtual image is de?ned and 
stored in memory. At 606, these signals are sent to the 
printing system, and at 608, the printing system prints an 
actual image on a print medium by ?ring the noZZles of the 
printhead according to signals received by the printing 
system. As discussed above, an actual image includes indi 
vidual dots printed by the noZZles and the actual image may 
include a set of dots that represents poor print quality. 
At 610, the optical device vieWs (i.e., reads) the dots of 

the actual image, and at 612, corresponding optical data is 
generated. Based upon this generated data, the actual image 
may be recorded in memory in a manner similar to the 
virtual image. Next, at 614, the controller compares the 
actual image to the virtual image to identify a printhead error 
pattern. The controller also may analyZe the generated data 
alone to decide Whether the actual image includes such a 
printhead error pattern. If the image does not include a 
poor-print-quality (PPQ) set of dots, then no action is 
necessary and the process continues to an END at 650. 
Otherwise, a set of dots exists and the process proceeds to 
block 616, Where the poor-print-quality set is identi?ed. At 
618, the noZZle or noZZles that printed the poor-print-quality 
set of dots are identi?ed. 

Thereafter, signal modi?cation data Which may be used to 
modify image signals is determined in order to compensate 
for the poor print quality of the set of dots printed by the 
identi?ed. Typically, this involves modifying the signals 
Which operate the noZZles so that subsequent dots printed by 
the identi?ed noZZles Will not be of poor print quality. Such 
compensation may be described as modifying subsequent 
image data to compensate for the identi?ed error pattern. 
At 620, the controller determines if dots of the poor-print 

quality (PPQ) set are misaligned relative to other dots of the 
actual image or relative to corresponding dots of the virtual 
image. If so, then at 622 the controller modi?es the image 
signals Which are associated With the identi?ed noZZles to 
compensate for such misalignment so that any subsequent 
dots printed by the identi?ed noZZles are aligned. If no dots 
are misaligned or When the step at block 622 is complete, the 
process proceeds to block 624 (FIG. 6B). 

In FIG. 6B at 624, the controller determines if dots of the 
poor-print-quality set have a diameter outside of a predeter 
mined desired range. Small dots are dots Which have a 
diameter that is less than a prede?ned minimum acceptable 
dot diameter. Large dots are dots Which have a diameter that 
is greater than a prede?ned maximum acceptable dot diam 
eter. If the dot is outside the desired range, then at 626, the 
controller calculates signal modi?cation data Which may be 
used to modify image signal, associated With the identi?ed 
noZZles. Such modi?ed image signals are intended to direct 
the identi?ed noZZles to use more or less ink to print any 
subsequent dots from the identi?ed noZZles so that the 
diameter of subsequent dots is Within the desired range. 

In general With regard to blocks 624 and 626, the con 
troller determines Whether any of the actual dots have a 
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diameter that deviates from a diameter of corresponding 
virtual dots. If so, then the controller compensates for any of 
the actual dots having a diameter that deviates from a 
diameter of corresponding virtual dots so that subsequent 
actual dots have a diameter approximately equal to corre 
sponding virtual dots. Alternatively, the controller compen 
sates for actual dots having a deviating diameter by identi 
fying the noZZles printing such actual dots and adjusting the 
diameter of subsequent actual dots that Would be adjacent 
subsequent actual dots printed by the identi?ed noZZles. 

Next, the process goes to block 628 Where the controller 
determines if a portion of the print medium, Which is found 
Where the poor-print-quality set Was printed, is cockling. If 
it is cockling, then at 630 the controller adjusts signals to 
direct the identi?ed noZZles to use less ink to print any neW 
dots from the identi?ed noZZles so that subsequently printed 
on portions of the print medium do not cockle. 

Next at 632, the controller determines if dots of the 
poor-print-quality set are visible. If dots are not visible, then 
at 634, the controller directs the print system to service the 
printhead so that clogs in the identi?ed noZZles may be 
cleared. After servicing at 636, dots printed from those 
identi?ed noZZles are tested again. If they still are not 
visible, then at 638, the controller determines if each noZZle 
in a group of the identi?ed noZZles are operatively connected 
to a single-color ink reservoir. If so, then at 640 an indication 
is provided regarding the ink reservoir being empty. From 
640, the process proceeds to END at 650. If each noZZle in 
the group of the identi?ed noZZles are not operatively 
connected to a single-color ink reservoir, then after 638 the 
process proceeds to block 642. At 642, the controller acti 
vates at least one dormant noZZle to replace at least one of 
the identi?ed noZZles. The process then ends at 650. 

In another embodiment of the present invention, the 
diameter of a printed dot is measured and the controller 
determines Whether its diameter exceeds a prede?ned maxi 
mum incompatibility diameter (Which is larger than the 
maximum acceptable diameter). If it does, then the user is 
noti?ed that the print medium is incompatible With the 
ink-j et printer. For example, if a medium With the absorptive 
characteristics of tissue or paper toWels is fed into the 
printer, the print quality Would be extremely poor because 
the periphery of each dot Will be large and fuZZy. 

Industrial Applicability 
Accordingly, it may be seen that the invented print-quality 

control system and method provide a signi?cant advance 
ment in improving overall print quality in an automatic 
manner that is transparent to the user. 
While the present invention has been shoWn and 

described With reference to the foregoing preferred 
embodiment, it Will be apparent to those skilled in the art 
that changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention as 
de?ned in the appended claims. 
We claim: 
1. A print-quality control method for use in connection 

With a printer having a printhead With plural noZZles con 
?gured to print on a print medium based on image data, 
Wherein the plural noZZles include active noZZles that are 
actively used to print dots on a print medium, the method 
comprising the steps of: 

de?ning a virtual image derived from the image data, 
Wherein the virtual image includes a plurality of virtual 
dots and an actual image includes a plurality of actual 
dots; 

printing the actual image on the print medium based on 
the image data; 

comparing the actual dots of the actual image to the 
virtual dots of the virtual image to identify a printhead 
error pattern of poor print quality dots; 
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identifying at least one defective nozzle producing one or 
more poor print quality dots of the printhead error 
pattern; and 

modifying subsequent image data to compensate for the 
identi?ed printhead error pattern by directing at least 
one active noZZle to substitute for at least one defective 
noZZle. 

2. An automatic print-quality control system for use in 
connection With printer having a printhead With plural 
noZZles con?gured to print one or more actual dots on a print 
medium based on image data, Wherein the plural noZZles 
include active noZZles that are actively used to print dots on 
a print medium, the system comprising: 

a controller including memory for storing one or more 
virtual dots derived from the image data and corre 
sponding to the actual dots; and 

an optical device including an emitter con?gured to emit 
electromagnetic Waves onto a print medium and a 
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detector con?gured to detect electromagnetic Waves 
re?ected from the print medium to vieW actual dots 
printed on the print medium, to produce optical data 
therefrom, and to send the optical data to said control 

ler; 
said controller being con?gured to compare actual dots to 

corresponding virtual dots to identify a printhead error 
pattern indicating poor print quality dots, to identify at 
least one defective noZZle producing one or more poor 

print quality dots of the printhead error pattern, and to 
modify subsequent image data to compensate for the 
identi?ed printhead error pattern by directing at least 
one active noZZle to substitute for at least one defective 
noZZle. 


